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Abstract

Objectives: A certain number of patients frequently
encounter delayed fracture healing (DFH) following surgery.
This study intended to investigate the functionality of
miR-766-3p in the progression of DFH.

Methods: The research encompassed 100 normal tibial
fracture healing patients and 95 DFH patients. RT-qPCR was
implemented to measure the expression, and the ROC was
used to determine the diagnostic value of miR-766-3p for
DFH patients. Cox regression was performed to identify the
independent risk factors associated with DFH. Moreover, we
further analyzed the regulatory effects of miR-766-3p and
TGFBRI1 on osteogenic markers. The CCK-8 method and flow
cytometry were utilized to detect proliferation and
apoptosis. The levels of tumor necrosis factor-alpha (TNF-a)
and interleukin-6 (IL-6) were quantified using enzyme-
linked immunosorbent assay (ELISA). The dual-luciferase
reporter gene assay was carried out to detect the targeted
relationship.

Results: In DFH patients, miR-766-3p exhibited a downward
movement. miR-766-3p served as an independent prognostic
factor influencing DFH. miR-766-3p increased after the
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induction and differentiation of MC3T3-E1 cells. Elevated
miR-766-3p could enhance the expression of osteogenic
markers, facilitate proliferation and differentiation, inhibit
inflammatory reactions, and reduce apoptosis. Additionally,
when TGFBR1 was upregulated, it reversed the effect of
miR-766-3p on osteoblasts. miR-766-3p may emerge as a
feasible predictive biomarker for patients with DFH.
Conclusions: miR-766-3p exerted its regulatory function on
DFH by targeting TGFBRI.
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Introduction

Globally, fractures represent a relatively common condition,
with an annual incidence rate ranging from 0.25 to 0.38 % [1,
2]. Surgery constitutes an important approach for treating
traumatic fractures. However, a certain number of patients
frequently encounter delayed fracture healing following
surgery, which elevates the risk of refracture and non-union
and has a severe impact on the prognosis of patients [3].
After the healing of the majority of fractures, their structure
and bone function can fully return to normal. Nevertheless,
there are still some fracture patients who ultimately expe-
rience abnormal healing, which may result in a prolonged
disease course [4]. Studies have indicated that imbalances in
the inflammatory response may lead to DFH [5]. Hence,
exploring serum markers that can predict DFH holds great
significance for guiding timely clinical intervention and
treatment and thereby enhancing the prognosis of patients.

MicroRNAs (miRNAs) exert significant roles in crucial
cellular processes [6-8]. Among them, miR-146a/b has been
confirmed to modulate FGF2 [9]. In the serum of fracture
patients, it has been discovered that miR-21, miR-23a, and
miR-24 are upregulated [10]. It should be noted that miR-766-
3p can not only function as a biomarker for the treatment of
colon cancer [11] but also participate in the regulation of
various pathological processes. It is related to the regulation
of the extracellular matrix, injury response, inflammatory
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response, and cell apoptosis, and also participates in inter-
vertebral disc degeneration [12]. Additionally, studies have
indicated that miR-766-3p is positively related to the bone
mineral density (BMD) value of osteoporosis patients [13],
and miR-766-3p overexpression can inhibit chondrocyte
apoptosis [14]. Moreover, the study found that miR-766-3p
inhibits the triggering of nuclear factor-kB induced by cy-
tokines [15]. However, at present, miR-766-3p in the regula-
tion of DFH remains unclear.

TGFBR1 plays a crucial role in bone regeneration [16].
Prior studies have demonstrated that dexmedetomidine
enhances the expression of TGFBRI in mouse bone marrow
mesenchymal stem cells, thereby influencing osteogenic
differentiation [17]. TGFBRI is implicated in osteoblast dif-
ferentiation and bhone formation [18], and its inhibition
significantly promotes the differentiation capacity of mouse
osteoblasts [19]. Furthermore, bioinformatics analysis
revealed that TGFBR1 was a downstream target gene of
miR-766-3p. Therefore, we hypothesized that miR-766-3p/
TGFBR1 may be involved in the regulation of mechanisms
related to DFH.

In summary, by analyzing the impact of miR-766-3p on
the prognosis of DFH and integrating findings from relevant
cell experiments, we thoroughly investigated the specific
mechanism underlying the miR-766-3p/TGFBR1 axis in DFH.
This study aimed to provide a novel theoretical foundation
for further research on DFH.

Materials and methods
Study population

This study was approved by the Cangxian Hospital Ethics
Committee (approval number: 2,021,003, Date: 2021.01.11),
and the subjects signed the informed consent form. All
procedures adhere to the Helsinki Declaration.

195 fracture patients who underwent fixation treatment
at Cangxian Hospital between January 2021 and October 2023
were included in this study. The 195 fracture patients
included in the study were followed up every two weeks for
three months. Patients who successfully formed callus as
part of the fracture healing process within three months
post-fracture were classified into the normal fracture heal-
ing group (100 patients). Conversely, if no signs of healing
were observed or bone atrophy occurred at the fracture ends
more than three months after the fracture, it was catego-
rized as DFH (95 patients). In such cases, a distinct fracture
line is visible on X-rays, with either minimal or no callus
formation.
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Inclusion criteria: for patients with mature bones
(aged>18 years), the first fracture occurs, and a non-healing
state has persisted for at least 3 months. X-ray examination
revealed that there was no continuous callus growth at the
fracture end, a distinct gap existed between the fracture
ends, and the fracture end part at the fracture end showed
sclerosis. Exclusion criteria: malignant tumors, incomplete
cardiac, bone metabolism-related diseases, diabetes; clinical
data are incomplete or missing. Table 1 collected the age, sex,
factors affecting DFH (body mass index (BMI), Smoking,
Alcohol intake), Fracture inducement, and basic clinical
information.

Immediately after the fracture occurred in untreated
subjects, 3mL of peripheral venous blood was collected.
Following coagulation, the samples were centrifuged at
3,000 rpm for 10 min. The supernatant was carefully har-
vested to obtain the serum. These serum samples were then
stored at —80 °C until further testing.

Cell culture and transfection
The MC3T3-E1 pre-osteoblast cells were placed in the a-MEM

medium and kept at a temperature of 37 °C, with 95 % air and
5% carbon dioxide surrounding them. Subsequently, an

Table 1: Baseline clinical data of study population.

Items NFH (n=100) DFH (n=95) p-Value
Age, year 49.62 +14.72 51.07 + 15.15 0.497
Sex, n, (%) 0.355
Male 54 (54.00) 45 (47.37)
Female 46 (46.00) 50 (52.63)
BMI, kg/m? 2414 +4.23 2454 +3.72 0.484
Smoking, n, (%) 0.522
Yes 37 (37.00) 31(32.63)
No 63 (63.00) 64 (67.37)
Alcohol intake, n, (%) 0.887
Yes 41 (41.00) 38 (40.00)
No 59 (59.00) 57 (60.00)
Fracture side, n, (%) 0.893
Left 58 (58.00) 56 (58.95)
Right 42 (42.00) 39 (41.05)
Fracture inducement, n, (%) 0.776
Traffic injury 21 (21.00) 17 (17.89)
Ground fall 27 (27.00) 24 (25.26)
Spots injury 52 (52.00) 54 (56.84)
Osteosynthesis method, n, (%) 0.874
Open reduction 61 (61.00) 59 (62.11)
Closed reduction 39 (39.00) 36 (37.89)

BMI, body mass index; NFH, normal fracture healing; DFH, delayed fracture
healing. Independent sample Student’s t-test, chi-square analysis, and one-
way ANOVA, were applied as statistical methods.
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osteogenic medium was added thereto, and the cultivation
duration lasted for 15 days to induce cell differentiation [20].

The miR-766-3p mimics, mimics-NC, miR-inhibitor, and
inhibitor-NC were synthesized by Shanghai GenePharma
Co., Ltd. The concentrations of miR-766-3p mimics and
miR-766-3p inhibitors were set at 50 nM. TGFBR1 was
inserted into the pcDNA3.0 expression vector (p-TGFBR1) to
upregulate TGFBR1 expression. When the MC3T3-E1 cells
were in the logarithmic growth phase, the transfection
operation was done.

RT-qPCR

Total RNA was extracted through the Trizol reagent. Then,
the RNA was reverse-transcribed to obtain cDNA. Next, the
expression of miR-766-3p, TGFBR1, RUNX2, OCN, and ALP
was detected using cDNA as the template. RT-qPCR amplifi-
cation was carried out through SYBR-Green PCR Master Mix
(Thermo Fisher Scientific, Inc.). U6 and GAPDH were
employed as internal references. The thermal cycling con-
ditions of the PCR reaction consist of an initial template
denaturation at 95 °C, along with 40 cycles of denaturation
at 95°C and annealing/extension at 60 °C. The sequences of
primers were designed and obtained from Shanghai Gene-
Pharma Co., Ltd, and sequences of primers were as follow:
miR-766-3p forward (5-ACTCCAGCCCCACAGC-3), miR-766-3p
reverse (5-GAACATGTCTGCGTATCTC-3); TGFBR1 forward

(5-GAACTGTTTTGATTGGCATC-3'), TGFBR1 reverse
(5-AAGAAGGGACCTACACTATTT-3); Runx2 forward
(5-TCCAGGAGGACAGCAAGGAGGC-3'), Runx2 reverse
(5-TCGGTTGGTCTCGGTGGCTGG-3"); OCN forward
(5-GCGCATCTATGGCACCACCGT-3), OCN reverse
(5'-TTTGGAGCAGCTGTGCCGTCC-3"); ALP forward
(5-GCCCAGGCAACCTCGAGCAG-3), ALP reverse
(5-TCCGACCCACGGAGGGTTCC-3); U6 reverse
(5-ACGCTTCACGAATTTGCGT-3"); U6 forward
(5-CTCGCTTCGGCAGCACA-3), GAPDH forward
(5-GACAGTCAGCCGCATCTTCT-3), GAPDH reverse

(5-GCGCCCAATACGACCAAATC-3). Relative gene expression
was quantified using the 2**“ method. Briefly, Ct values for
both the target gene and the reference gene were recorded for
each sample. For each sample, ACt was calculated as the dif-
ference between the Ct value of the target gene and that of the
reference gene. Using the average ACt of the control group as a
baseline, AACt was determined by subtracting the control
group’s ACt from the ACt of the treatment group. The relative
expression level of the target gene in the treatment group,
normalized to the control group, was then calculated by
substituting the AACt value into the formula 27",
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Cell proliferation

The CCK-8 kit (Dojindo Molecular Technologies, Inc.) was
chosen to evaluate cell proliferation. Cells were seeded into
96-well plates at a density of 4 x 10* cells per well. After 0, 24,
48, and 72 h, 10 uL. of CCK-8 solution was added. The cells
were then incubated at 37 °C for 30 min. The absorbance was
measured at 450 nm.

Analysis of apoptosis

Flow cytometry detection was performed according to the
instructions of the Annexin V/propidium iodide (PI) kit. The
transfected cells were collected in a centrifuge tube for
centrifugation, then suspended and washed with PBS, and
centrifuged again. Subsequently, Annexin V/FITC was added
and suspended in the dark. Thereafter, PI and PBS were
added, and the flow cytometry was utilized to detect
apoptotic cells. The final count of apoptotic cells was quan-
tified as the combined percentage of early apoptotic cells
(staining positive for Annexin V and negative for PI) and late
apoptotic cells (positive for both Annexin V and PI). The cell
apoptosis rate was calculated using the following formula:
Cell Apoptosis Rate (%) = (Number of Apoptotic Cells/Total
Number of Cells) x 100, ensuring precise quantification of
cellular apoptotic activity.

Enzyme-linked immunosorbent assay (ELISA)

For the determination of the content of tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6) in MC3T3-E1
cells, the specific procedures were as follows: Cells at the
logarithmic growth phase were implanted in a 6-well plate
and triggered for cultured for 7 days. Subsequently, the cell
supernatant was collected, and the expressions of TNF-a and
IL-6 were measured strictly per the operation instructions
provided by the ELISA kit (TNF-a: Human TNF alpha ELISA
Kit, KHC3014, intra-assay % CV: 5.9 %, inter-assay % CV:
8.5 %; IL-6: Human IL-6 ELISA Kit, BMS213-2, intra-assay %
CV: 3.4 %, inter-assay % CV: 5.2%. Invitrogen Inc Thermo
Fisher.).

Luciferase report assay

The primers for the 3-UTR of the TGFBRI gene were
designed using Primer Premier 5.0 and subsequently
amplified by PCR. The resulting PCR product was cloned
into the pGLO plasmid (Promega, USA) to construct the
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wild-type TGFBRI1 vector (WT-TGFBR1). Furthermore, site-
directed mutagenesis was performed on the 3-UTR
sequence of TGFBR1 to generate the mutant vector
(MUT-TGFBR1). Subsequently, they were mixed with the
miR-766-3p mimics, inhibitors, or their negative control
for co-transfection. Forty-eight hours later, the luciferase
activity was detected.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 and
GraphPad Prism 9.0. Data normality was initially evaluated
using the Kolmogorov-Smirnov (K-S) test to determine the
appropriateness of parametric statistical methods. For
continuous variables that failed to meet normality assump-
tions, intergroup differences between two groups were
analyzed using the non-parametric Mann-Whitney U test.
Conversely, a Student’s t-test was applied to compare data
between the two groups. Categorical variables were assessed
using the chi-square test. One-way ANOVA was used to
perform multiple comparisons among groups. The ROC
curve was employed to assess the predictive value. COX
regression was conducted to identify potential independent
risk factors of DFH. Each cellular experiment was repeated
three times. When p<0.05, it was regarded as statistically
significant.

Results

miR-766-3p has a strong discriminatory
ability in predicting DFH

There was no significant association between normal
fracture-healing patients and DFH patients in terms of age,
sex, BMI, smoking, drinking, fracture side, fracture induce-
ment, and osteosynthesis method (Table 1). The expression
of miR-766-3p of DFH was significantly lower (Figure 1A). The
ROC result revealed that the area under the curve (AUC) of
miR-766-3p was 0.936 (95 % CI: 0.8988-0.9723), the specificity
was 80.0 %, and the sensitivity was 96.8 %, suggesting that
miR-766-3p has a strong discriminatory ability in predicting
DFH (Figure 1B). COX regression analysis demonstrated that
miR-766-3p served as an independent predictive factor
influencing DFH (Table 2). Thus, miR-766-3p may be related
to the DFH.
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Figure 1: A. Comparison of serum miR-766-3p expression between the
two groups. *** means p<0.001. B. ROC curve for evaluating the clinical
diagnostic. Non-parametric tests and ROC curves were employed as
statistical methods.

Table 2: Cox regression analysis of independent risk indicators for pa-
tients with DFH.

Items HR 95 % CI p-Value
Age, year 1.161 0.775-1.739 0.470
Sex 1.028 0.687-1.539 0.893
BMI, kg/m? 1.224 0.816-1.836 0.328
Smoking, 1.119 0.729-1.720 0.607
Alcohol intake 1.119 0.742-1.689 0.591
Fracture side 1.159 0.767-1.751 0.484
Fracture inducement 0.909
Traffic injury - - -
Ground fall 0.969 0.519-1.808 0.921
Spots injury 1.072 0.621-1.852 0.802
Osteosynthesis method 1.149 0.758-1.741 0.513
miR-766-3p expression 0.074 0.032-0.169 <0.001°

BMI, body mass index; DFH, delayed fracture healing; HR, Hazard Ratio; CI,
confidence interval. °means p<0.001. Logistic regression analysis was
applied as a statistical method.

Impact of miR-766-3p on osteogenic
differentiation and inflammatory
microenvironment

With the prolongation of osteogenic induction time, the
expression of osteogenic markers RUNX2, OCN, and ALP
gradually increased, and the cells were successfully differ-
entiated (Figure 2A). The expression of miR-766-3p gradually
increased (Figure 2B). Subsequently, the expression of
miR-766-3p was significantly increased or inhibited by
transfection of miR-mimic or miR-inhibitor (Figure 2C).
Overexpression of miR-766-3p could significantly promote
the proliferation (Figure 2D). In addition, an increase in
miR-766-3p could significantly promote the differentiation of
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osteogenic markers ALP, OCN, and RUNX2 (Figure 2E),
inhibit cell apoptosis (Figure 2F), reduce the expression of
TNF-a and IL-6 (Figure 2G), while inhibition of miR-766-3p
exhibited the opposite phenomenon.

miR-766-3p targeted and regulated TGFBR1

The database showed that TGFBRI was a downstream reg-
ulatory gene of miR-766-3p (Figure 3A). miR-766-3p mimic
significantly inhibited the luciferase activity of the WT-
TGFBR1 group, but did not affect the MUT-TGFBR1 group
(Figure 3B). TGFBRI1 decreased with the prolongation of the
osteogenic induction time (Figure 3C). There was a signifi-
cant negative association between miR-766-3p and TGFBR1
expression (Figure 3D).

Overexpression of TGFBR1 reversed the
effect of miR-766-3p on cell behavior

To further explore the regulatory mechanism of miR-766-3p
and TGFBR1 in DFH, during the overexpression of miR-766-
3p, miR-mimic+p-TGFBR1 was co-transfected (Figure 4A).
The results indicated that the increase of TGFBR1 inhibited
the cell proliferation induced by miR-766-3p (Figure 4B).
Simultaneously, the elevated TGFBRI suppressed osteoblast
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biomarkers ALP, OCN, and RUNX2 expressions (Figure 4C).
Regarding cell apoptosis and inflammatory response, the
increased TGFBR1 promoted cell apoptosis (Figure 4D) and
also facilitated the occurrence of inflammation (Figure 4E).

Discussion

Following a fracture, the blood circulation is compromised,
and the prognosis after surgery is often delayed [21]. MiRNAs
play a crucial role in inflammatory diseases and neurolog-
ical disorders [14]. For instance, miR-181a-5p is implicated
in DFH [22], and miR-31-5p is specifically regulated in non-
union fractures [23]. Studies have demonstrated that over-
expression of miR-766-3p can inhibit chondrocyte apoptosis
[14] and is positively correlated with the bone mineral
density (BMD) value in osteoporosis patients [13]. Never-
theless, the function of miR-766-3p in the course of DFH
remains to be undefined.

Our study involving 100 patients with normal fracture
healing and 95 DFH patients revealed that the serum
miR-766-3p in DFH was greatly decreased. miR-766-3p
exhibited a robust predictive capacity for DFH and may
serve as a potential risk factor for its development. Osteo-
blasts play a crucial role in the growth of normal bone tissue.
The loss of their function may result in DFH [22]. Our
research has revealed that miR-766-3p would increase with
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Figure 2: Cell function experiments were carried out on the MC3T3-E1 cell line (n=5). A. Changes in the proteins of cell differentiation markers. B. After
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the increase of osteogenic differentiation time. Over- inflammatory response. miR-766-3p may serve as a potential
expression of miR-766-3p could significantly promote pro- predictor and functional regulator in DFH. Its down-
liferation and differentiation while inhibiting apoptosis and regulation may contribute to delayed fracture healing by
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suppressing osteoblast activity, enhancing apoptosis, and
exacerbating inflammatory responses.

TGFBR1 exerts a negative regulatory effect on bone
formation and plays a crucial role in the osteogenic differ-
entiation of mouse bone marrow mesenchymal stem cells
[17, 19]. Our research verified that miR-766-3p targeted and
negatively regulated TGFBRI1. Regarding cell function, we
found that TGFBRI overexpression significantly abolished
the promoting effect of miR-766-3p on the differentiation and
proliferation of MC3T3-E1 osteoblasts, as well as the inhibi-
tory effect on cell apoptosis and inflammatory response. This
suggested that miR-766-3p regulated osteoblast function by
directly targeting TGFBR1. An imbalance in the expression of
miR-766-3p and TGFBRI could potentially result in abnormal
osteoblast function, consequently impacting the fracture
healing process and contributing significantly to the patho-
genesis and progression of DFH. Clinically, regularly moni-
toring the expression changes of miR-766-3p and TGFBRI
may serve as a potential approach to predict the risk of DFH
in advance, thereby enabling timely intervention measures.

In addition, this study had certain limitations that
warrant acknowledgment. First, the relatively small sample
size and lack of ethnic diversity may compromise the
representativeness and generalizability of the findings.
Second, the absence of supporting animal experimental data
limits the mechanistic insights into the roles of miR-766-3p
and TGFBRI. Future studies should aim to enhance external
validity by increasing the sample size and recruiting a more
ethnically diverse population. At the same time, relevant
animal experiments will be carried out to systematically
explore the effects of miR-766-3p and TGFBRI on DFH.

In brief, miR-766-3p typically promoted the differentia-
tion and proliferation of osteoblast MC3T3-E1 and inhibited
cell apoptosis. Nevertheless, these effects of miR-766-3p can
be significantly nullified by TGFBR1 overexpression. This
might be the potential mechanism resulting in DFH. Our
findings contributed to understanding the mechanism of
delayed healing of DFH.

Research ethics: This study was approved by the Cangxian
Hospital Ethics Committee (approval number: 2021003, Date:
2021.01.11). Al procedures adhere to the Helsinki
Declaration.

Informed consent: The subjects signed the informed
consent form.

Author contributions: GRZ and LCL made substantial con-
tributions to conception and design, performed all the
experiment, and was a major contributor in writing the
manuscript. PJL and JHR contributed to acquisition of pa-
tients and tissues specimens, analysis and interpretation of

Zhang et al.: Role of microRNA-766-3p in delayed fracture healing —— 7

data. YR has been involved in drafting the manuscript and
revising it critically for important intellectual content.

Use of Large Language Models, AI and Machine Learning
Tools: Not applicable.

Conflict of interest: The author states no conflict of interest.
Research funding: None declared.

Data availability: The datasets used and/or analyzed during
the current study are available from the corresponding
author upon reasonable request.

References

1. ZhangX, ChenY, Zhang C, Zhang X, Xia T, Han J, et al. Effects of icariin on
the fracture healing in young and old rats and its mechanism. Pharm
Biol 2021;59:1245-55.

2. Xu B, Anderson DB, Park ES, Chen L, Lee JH. The influence of smoking
and alcohol on bone healing: systematic review and meta-analysis of
non-pathological fractures. eClinicalMedicine 2021;42:101179.

3. Chitwood JR, Chakraborty N, Hammamieh R, Moe SM, Chen NX,
Kacena MA, et al. Predicting fracture healing with blood biomarkers:
the potential to assess patient risk of fracture nonunion. 2021;26(8):
703-17.

4. Zhou QP, Zhang F, Zhang J, Ma D. H19 promotes the proliferation of
osteocytes by inhibiting p53 during fracture healing. Eur Rev Med
Pharmacol Sci 2018;22:2226-32.

5. Zhang, Yuan Q, Wei Q, Li P, Zhuang Z, Li J, et al. Long noncoding RNA
XIST modulates microRNA-135/CREB1 axis to influence osteogenic
differentiation of osteoblast-like cells in mice with tibial fracture
healing. Hum Cell 2022;35:133-49.

6. Filipowicz W, Bhattacharyya SN, Sonenberg N. Mechanisms of post-
transcriptional regulation by microRNAs: are the answers in sight? Nat
Rev Genet 2008;9:102-14.

7. Kuehbacher A, Urbich C, Zeiher AM, Dimmeler S. Role of Dicer and
Drosha for endothelial microRNA expression and angiogenesis. Circ
Res 2007;101:59-68.

8. Suarez, Fernandez-Hernando C, Pober JS, Sessa WC. Dicer dependent
microRNAs regulate gene expression and functions in human
endothelial cells. Circ Res 2007;100:1164-73.

9. Lei SF, Papasian CJ, Deng HW. Polymorphisms in predicted miRNA
binding sites and osteoporosis. ] Bone Miner Res 2011;26:72-8.

10. Seeliger C, Karpinski K, Haug AT, Vester H, Schmitt A, Bauer JS, et al. Five
freely circulating miRNAs and bone tissue miRNAs are associated with
osteoporotic fractures. ) Bone Miner Res 2014;29:1718-28.

11. Zhou L, Zhang X, Wang Z, Li D, Zhou G, Liu H, et al. Extracellular vesicle-
mediated delivery of miR-766-3p from bone marrow stromal cells as a
therapeutic strategy against colorectal cancer. Cancer Cell Int 2024;24:
330.

12. CuiS, Zhou Z, Liu X, Richards RG, Alini M, Peng S, et al. Identification and
characterization of serum microRNAs as biomarkers for human disc
degeneration: an RNA sequencing analysis. Diagnostics 2020;10.
https://doi.org/10.3390/diagnostics10121063.

13. Shi H, Jiang X, Xu C, Cheng Q. MicroRNAs in serum exosomes as
circulating biomarkers for postmenopausal osteoporosis. Front
Endocrinol 2022;13:819056.

14. Li Z, Cheng, Liu J. Baicalin protects human OA chondrocytes against
IL-1beta-induced apoptosis and ECM degradation by activating


https://doi.org/10.3390/diagnostics10121063

8 —— Zhang et al.: Role of microRNA-766-3p in delayed fracture healing

autophagy via MiR-766-3p/AIFM1 Axis. Drug Des Dev Ther 2020;14:
2645-55.

. Hayakawa K, Kawasaki M, Hirai T, Yoshida Y, Tsushima H, Fujishiro M,

et al. MicroRNA-766-3p contributes to anti-inflammatory responses
through the indirect inhibition of NF-kappaB signaling. Int | Mol Sci
2019;20:809.

. Rahman MS, Akhtar N, Jamil HM, Banik RS, Asaduzzaman SM. TGF-/

BMP signaling and other molecular events: regulation of
osteoblastogenesis and bone formation. Bone research 2015;3:15005.

. Shen GY, Ren H, Shang Q, Zhao WH, Zhang ZD, Yu X, et al. Let-7f-5p

regulates TGFBR1 in glucocorticoid-inhibited osteoblast differentiation
and ameliorates glucocorticoid-induced bone loss. IntJ Biol Sci 2019;15:
2182-97.

. Luo D, Xie W, He X, Zhou X, Ye P, Wang P, et al. Exosomal miR-590-3p

derived from bone marrow mesenchymal stem cells promotes
osteoblast differentiation and osteogenesis by targeting TGFBR1. Vitro
Anim Cell Dev Biol 2025;61:46-58.

19.

20.

21.

22.

23.

DE GRUYTER

Maeda S, Hayashi M, Komiya S, Imamura T, Miyazono K. Endogenous
TGF-beta signaling suppresses maturation of osteoblastic
mesenchymal cells. EMBO ) 2004;23:552-63.

Gong K, Qu B, Liao D, Liu D, Wang C, Zhou J, et al. MiR-132 regulates
osteogenic differentiation via downregulating Sirtuin1 in a peroxisome
proliferator-activated receptor beta/delta-dependent manner.
Biochem Biophys Res Commun 2016;478:260-7.

Clement ND, Gaston MS, Simpson AH. Fractures in elderly mice
demonstrate delayed ossification of the soft callus: a cellular and
radiographic study. Eur ] Orthop Surg Traumatol 2023;33:977-85.
Guo X, Zhang J, Han X, Wang G. LncRNA SNHG1 delayed fracture
healing via modulating miR-181a-5p/PTEN Axis. ] Invest Surg 2022;35:
1304-12.

Breulmann FL, Hatt LP, Schmitz B, Wehrle E, Richards RG, Della BE, et al.
Prognostic and therapeutic potential of microRNAs for fracture healing
processes and non-union fractures: a systematic review. Clin Transl
Med 2023;13:e1161.



	MicroRNA-766-3p modulates the progression of delayed fracture healing by targeting TGFBR1
	Introduction
	Materials and methods
	Study population
	Cell culture and transfection
	RT-qPCR
	Cell proliferation
	Analysis of apoptosis
	Enzyme-linked immunosorbent assay (ELISA)
	Luciferase report assay
	Statistical analysis

	Results
	miR-766-3p has a strong discriminatory ability in predicting DFH
	Impact of miR-766-3p on osteogenic differentiation and inflammatory microenvironment
	miR-766-3p targeted and regulated TGFBR1
	Overexpression of TGFBR1 reversed the effect of miR-766-3p on cell behavior

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


